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Goal for tflis grdeess:
JIoRcdept a more scientifically

=SOL inafrule for identification of
= _=r_fjspa|red waters that Is

= pretective of public health and
_ the environment.




SBiemial Approach

5 _;s"'_éssment of chironic Aquatic and Wildlife standards
SRNASSESSmENt ofi £scherichia coli

ERPIEnning List

S Wiscellaneous corrections

September 2004
~ Publishrrule for review October 2004
Meetings to discuss rule October 2004
Publish notice ofi proposed rulemaking November 2004
Oral Proceedings January 2005
File Notice with GRRC February 2005
File Rule with Sec. of State March 2005
May 2005




Purpose
INEBIEIESS cComments regarding the binomial approach and

Irl rror}t 2@ proposed changes. Comments to be addressed:
- Mm Soisample size
resentatlve samples

_-‘ tatlstlcal confidence

~ Next meetings:
~ Chronic standards and £. coli Week of Aug. 23rd
Standards assessment
Planning List and miscellaneous Week of Sept. 13th
Draft rule Week of Sept. 27th




SASSESSIments 101

= Velanie Diroll
ESERESONSE (0l Comments:

Melanie Diroll

iRESPoNnse to Comments:
Statistical Confidence

Diana Marsh

Propesed Changes:
Modified Binomial Approach
Diana Marsh

Discussion
All




- & CWA 8305(b) requires assessment of all surface waters
every two years using “all readily available data”

e CWA 8303(d) requires list of impaired waters every two
years
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e Assessment and list of
Impaired waters
submitted to EPA Region
IX as an Integrated
Report

® EPA has maintained
authority to approve or
disapprove 303(d) list
(CFR §8130.7)




SNGIIoVide an overall picture of the state’s
EINBIENT, Or In-stream, water quality.

e

’.’"f*'f-"'\'/—\/e' dli€ not assessing
— Effluent water at end-of-pipe
— Storm water run-off before It reaches stream




> Wep iEve about eight ambient monitoring staff to cover
ifle Iate EGCUS IS 0n:

A NIcl streams and lakes
;—._ foad GEGEIaPNIC coverage
Impac:ts O nenpoint seurce pollution

== Seek out data from other sources:
= Contract withi USGS to monitor “non-wadeable” streams
— Permitted facilities’ in-stream data
— Other agencies (USFWS, USFS, NPS)
Universities
Citizen velunteers




- Need EO REWAHIFSUHaCEWaLErS are aitaining thelr “designated uses:”
vatic aiel Wilelliie
Consumptlon
— Jj SESUCAN e SOLINCE
— c‘reation
grlculture
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i & “e units of assessment are stream reaches and lakes
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= = \lle measure attainment using numeric and narrative water quality
standards

e \Waterbody can be:
— Attaining
— Inconclusive
— Impairedi(includes Not attaining)




PVADE@ a5 an ebligation! to assess “all” waters every two
years

B

s

SRR/ conjunction with state work groups, developed a

Ee)is0lidaIed Assessment and Listing Methodology

s Given a limited number of samples:
— What Is sufficient evidence to indicate attainment of a des. use?

— What Is sufficient evidence to indicate impairment of at least one
des. uses?
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. Sefe CONE parameters
Y et pollltants we expect to find in Arizona

" " What paliameters are indicators of stream health

_.- .-l-'-
.-I—'i'_ ———
- o
e e
—

- s \We need at least 3 samples seasonally
distributed to call something “attaining all uses,”
provided no exceedances are found




fSEIMERL rEpEated or persistent vielations of WQ
ane ArASAWRAICH have a negative impact on 6ne or more
nated BISES

- = Credible data reguirements for listing
— Minimum: sample size requirements for listing
— 303(d) listing and delisting methods

e |mpaired Water Identification Rule was adopted in 2002




> Sie yEticaiNmethod = Binomial Approach
S _>_10% exceedance rate at given confidence level (90%)

.
T

#ﬂml\/lethod fior “acutely toxic” parameters

_‘-.l-—-

— — = — >1 exceedance in 3 years

e Method for statistically-based standards
— >1 exceedance after statistical calculation is applied
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: Jacement on list does not require any changes to occur in the
3+"- atershed

Slmply reguires ADEQ to conduct further monitoring

= = Intensive water quality study - identify and quantify sources
— EX|st|ng pPermits do not change

— Waterbody can be delisted if no longer impaired or listing was In
error

s’ [VIDL Development and Implementation
— Stakeholder involvement is essential

— Landowners, permittees, and communities work with ADEQ to
develop a plan to reduce pollutant loadings

— Grant monies are available for nonpoint source pollution
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WATER QUALITY II\/IPROVEMENT
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TMDL lmplementatlon
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TMDL Development and
Stakeholder Involvement

Data assessment .
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Amblent Water Quality I\/Ionltorlng




> Aclpig I,'_nce 10 credible data reguirements In statute:

e
) A |
mnd

- Abpropriate QA/QC procedures

oL -
=

z'\'/alid saimpling and analytical methods

— How: many. samples should it take to call a waterbody impaired?
— How: often should samples be collected?

— Over what length of time?

— Over what area?
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2 forf ent:

I\Jeé’e eny samples to accurately represent an entire
Esuieaimireach or lake and call it impaired.

--:_
e

;- Statlstlcal tests have good power for detecting exceedances if they
— are based on 30 or more samples. Smaller sample sizes are

prone to yield erroneous attainment decisions because they have
a low probability for detecting exceedances.... (CALM)

® This says we need many samples to assess “attaining.”
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RVISSessing| Heallh

NOVWAEHOES 2 doctor show: you
eire FEALTREN?

L

BRONe indicator: body
-~ igrpoeretits

"
_— --_l-_ B
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=== (o for 3 checkups in 5 yrs., do

not have a fever

— |s this sufficient evidence to
say yeu never had a fever?

®" How do we show: a waterhody:
IS HEALTHY?

— One WQ standard: lead

— Go for 3 checkups in 5 yrs., no
violations

— Is this sufficient evidence to
say you never had a violation?




-~ -l

Assessing lliness
Flowy ch- 2 dOCLON SIOW: you' ®' How do we show WQ
arg LR violations ARE occurring?

e

s
JI B .-

—*F indicater: body temp. — One WQ standard: lead

= G0 for S checkups In S yrs. — Visit 3 times, find 3 violations
’__‘f,'-_-' and youldo have a fever each
time

e
el
-

— |s this sufficient evidence to

— |s this sufficient evidence to say you have a WQ problem?
say you were ill?
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VWhat the CALM Guidance Means

A

2 _S (12 I Seifiplersizes; have low probahility of detecting

a (CEEUanCces...
.=.,= If you take only 3 samples, you may have missed a problem

“If your have 3 bad visits, chances are good those weren't the only 3
times

— Chances of finding a problem in 3 out of 3 RANDOM visits is VERY
SMALL
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— ADE®! Ambient Monitor
VS.
Monitering below
a discharge
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GV Guidance recommends an assessment of impaired
’c‘"' EREIINI0Y6 EXCEE0aNCE rate; No minimum; sample

o
()

—*:-\.
=

_"“_-*"‘“‘EEPA ISP for Toxics Control recommends minimum of 4
= to Graaily grab samples per month.

e Consider context of guidance

— TSD “provides guidance for assessing and regulating the
discharge of toxic substances to the waters of the U.S.”




SWASEESS|NG health) when risk
factors are izl

S

B fiealthy person with minimal
Z _—;g_r_‘l'sk factors

| —
S r—

= Good check-up every few
years

| —
| —
|-

— Can we be reasonably assured
you're healthy?

e Assessing water guality when
risk factors are minimal

— ADEQ routine monitoring

— Visit a stream 3 times during
multiple seasons, no
exceedances

— Can we be reasonably assured
it is healthy?
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\5385= health when risk
fac P\ EIENNESENT

l_-.

— Vhat if you're over 65 and

=3 have a family’ history of heart
problems’>

i

— Should you go in for a check-
Up’ every few. years?

frequent visits and more
tests are warranted

e Assessing water guality when
risk facters are present

— Monitoring below a discharge

— Visit 3 times?

frequent visits and more
tests are warranted
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SREEHUEnt monitoring is necessary in these areas to show

At violations are NOT OCCURRING




- Cornrmele:
IETmImimum sample size of 20 is needed to represent
rnJ" Jirerstream reach or lake.

T

—a

._..a.._'omment

== Consider different minimum sample sizes based on size
= of reach or lake.

® Both valid points, but...




SOICENNS AUt location
SONCEINS about timing

e




SCHIITEN:
*lf'samples WErertaken 1 a “had spot?”
=RSImple answer s that standards apply to the entire waterbody

F Hhere are exceptions:

e Vhere yourhave stream conditions that would naturally not meet
-T-'_':-.‘f'-‘F standards and no potential pollution source is present.

_F_'

s Disselved oxygen, violations in stagnant pools
= Disselved oxygen violations at a ground water upwelling

e Comment was made that rule must therefore require a high number
of samples for listings (20)?
— Doees this really address the problem?

— Not really. Ifwe get five D.O. violations, further sampling up to 20
does not'change the assessment




errors are managead: by:
WREIGHECKk sample plans - sites must be representative.

ez elght=ei-evidence - check individual D.O. vielations -
fow PDEFCOMMENLS, check for possible sources, talk to samplers.

ESieprst Release draft 303(d) List - opportunity to review and
submlt gecumentation that samples or sample sites are not
“representative.”

e [f-'the waterbody still makes it on the list:
A delisting can be made during TMDL investigation.




> Copnageple

%
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WHBENRthE samples were taken at a “bad! time?”

?:;'j"'Btl't'What about temporary or one-time exceedances of
standards?
— Spllls'that have been remediated

— Actions have been taken that have improved water quality since
samples were collected




SUEnt TWIR provides “outs:”

A IStlﬂg WillSeie madenifthe surface Water IS expected tor attain its
cle gnated UBE Y/ Le next assessment

ﬁ.

— The WeIgHi=0i=eVvidence approach — newer measurements are weighted

; N EaViErthan older

provides for delisting when the data used for Ilstlng IS superseded
Py IMore recent data showing standards are attained




IRESUmImeaNRy,
It71ST ADEQ’s responsibility to:

r e
=

e e

.-_jf:‘!?-?ﬁétermine whether ANY PORTION of a reach or lake Is
= Impaired, and

e Determine whether it is impaired AT ANY TIME (provided
the problem is persistent or recurring).




- |f gnz ne Sieron a 10 mile stream reach, we find
reom W@ vielations...
—= Bes thIs constitute Impairment? Yes.

=SE VDL study will confirm the source and delineate the extent
of IeNImpalrment.

s |f:a stream reach Is attaining Its uses during most of the
year, but repeatedly violates standards during times of
neavy: recreational use...

— Does this constitute impairment? Yes.

— TMDL study and implementation plan will address these critical
conditions.




PalemeileiSianeUsess s L Assessment Viethoed

Aguatic and Wildlife > 1 exceed In last 3-
acute standards, years of monitoring
pacteria, nitrate

lcally pased | Bacterial geometric > 1 exceed In
zlplefel id mean, nutrient annual assessment period (5
= :'?_:- mean, etc years)

- _AII Others Conventional parameters | Binomial —
(DO, pH), human health | Statistically-based
standards, agricultural assessment

standards)

P
")4_
S
~
i

e




PANEISsessment guidance -~ impaired i >=10% of
SepIES exceed standards.
B o110 samples is 10% - not impaired

=20l 0 samples is >10% - impaired

B RiiE binomial

B Use the statistics of a binomial distribution curve to determine

T, —

— the number of samples and exceedances at an acceptable
confidence level.

= By establishing a confidence level, we correct for potential
sampling error.

— For example, at a 95% confidence level, >10% exceedances
becomes 3 ofi 10 samples - impaired
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s g Binomial
— 2 'samples and 5 exceedances minimum

ce 'ns.

Is Anzona’s binomial sufficiently protective?
~ \Why: are we not listing on 5 of 5 exceedances?
| Shoeuld the 20 sample minimum be reduced?
— s it statistically sound?
What Is the statistical basis of the minimums?
— What are other states and regions doing?
How dees our binomial compare?
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@iibinemial was modeled after the binomial developed
-"]'orida’s Dept off Environmental Protection.

T
i

— L 8
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o= orlda State University (FSU) Dept of Statistics
prOVIded the statistical basis for listing and delisting
criteria. Their report’s conclusions were:
—  for 95% confidence that >10% exceedance has occurred:
d. The minimum number of samples is 10.
0. The minimum number exceedances is 3.
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SWADE@NCARUStiy usingl 10 instead of 20 samples
IBVVAIIECALISE:

__‘ 7‘D"ata must meet credible data requirements.

— |WIR has a provision to not list if exceedances
represent temporary conditions, such as a spilll

— Other provisions in IWIR, statute, and surface water
standards allow ADEQ to not list if impairment due to
natural conditions, other actions will result in
standards being met, etc.




MiriegILLe; mplé Sizes anadl Exceedances for Listings by Other States
& WWhen Using a Binomial (b) or Straight >10% (s)

AL
©)

KS
(b)

N[Z
(b)

N
©),

NC
()

SC
(S)

TX
(b)

VA
()

_| Samples

12

10

10

2

10

12

Minimum
Exceed




DEQIPIOPOSES 1o raise the confidence level

ffOf 90% confidence to 95% confidence.

|s would conform to the confidence level recommended in the
SU report and statistically increase the reliability of

T
T

= The change Would require more samples exceed standards
pefore a listing 1Is made.

— This change would also increase minimum sample size to
support delistings (once impaired).
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SSVERICIIESE _ -
= Tiahle 1 — EX|st|ng |mpa|red water himemialftanle (frem IWIR)

e
'I--

—n -

- _'Ié 2= Revised impaired water binomial table

' -T_éble 3 -- Binomial basis for determining use attainment

= Table 4 — Combines Table 2 and 3, to indicate when
“Inconclusive”

— Table 5 — Binomial basis for determining delisting — after a
surface water Is listed as impaired.
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iehles 2 — Reyvised binemial table for determining| impaired

waters. ' - s

e F° Usingl the CRITBINOM function in Excel
Cl {ITBINOI\/I (samples, 0.105, 0.95),

_ ?;tlculation provides the minimum number of exceedances for a
—— glven sample size, when 95% confidence that >10% exceedance Is
== ':'_':"'-'E"_‘- OCCUIING;.

il o —
-.—"_ e——

S T-able 2 differs from existing binomial (Table 1):
— 95% instead of 90% confidence level

— Calculated using 10.5% for >10% rather than adding an
exceedance to the value calculated at 10%

— Used a minimum of 10 samples rather than 20 samples.
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SN OIPaIN0 the old andinev Binemial

IR —

=R Below: about 100 samples, It takes slightly fewer exceedances
S/isamples to make a listing.
S Example, if 26 samples:
2. Old binomial — 6 or more exceed = impaired

- = . Proposed binomial — 5 or more exceed = impaired
= ¢. At a straight percentage, 5 of 26 samples = 19%

Above about 100 samples, it takes slightly more exceedances /
samples to make a listing.
Example, if 140 samples:

a. Old binomial — 20 or more exceed = impaired

b. Proposed binomial — 21 or more exceed = impaired

c. At a straight percentage, 21 of 140 samples = 14%
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- Om:.\, exceecdances, Wiy.eelay listing until 10
JElfg es nave been collected?

— H pVide more information about sources, extent of
ﬂtamlnatlon critical conditions, etc.

IR —— Rl

— |t may be many months or years before further
monitoring Is scheduled because 40% of the
monitoring data comes from other agencies.

— |dentifying sources, extent of contamination, and
critical conditions is part of doing the TMDL.
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GG e av0|d unnecessary lIstings?

> Binomll cofrects oliflepE o
el ghit=ei-evidence in the IWI Rule (604.B), the TMDL
Jrﬁ ute and' surface water standards provide ways to
2Woidisting errors. Surface waters will not be listed if:

2l Anthropogenic activities are not a source,

_ 9. Actions have been taken in the watershed so that uses will
' Be attaining by the next assessment,

Newer data or more reliable data exists,

More direct measurements of designated use impacts
exist.

Extensive review process.

The regulated community can provide monitoring data
from surface waters receiving discharges.




Other States
Iimum Sample Size and Exceedances for Listings

Jesk AL [co [ks [NH [Nm[Ne [or [sc [Tx [va

i 10 |12 10
— FSamples

Minimum
Exceed

Note that minimum sample size is reduced in 5 states when minimum
exceedances have occurred (numbers in paranthesis apply).




ghENRehanbility of there being >10% exceedance rate,
WHERNOU hiave 3l exceedances in 3-9 samples is
PELWEEN 99— 100% probability!!!

_-_(USing the BINOMDIST function in Excel)
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RECOMMENCALBIE

Vit sample size is 10, unless sufficient exceedances
jeveralready occurred (3 or more).
= Exceedances during at least 3 monitoring events.




Det ermn g attalnment

PREXCEEDANCES 1N at least 3 monitoring events
asonal distrkution, core parameters, ete.) or

== -“ any exceedances:

" For past assessment, fewer exceedances than required to be
placed on the planning list (in the IWIR).

Based on 80% confidence that >10% exceedances were
occurring.

Proposing using a binomial based on attaining at:

Based on 85% confidence that 10% of fewer exceedances are
occurring.




_i_ncrease confidence level from 80% to 85%, to

& provide more accurate assessments.

= Calculated using CRITBINOM (sample size, 0.10,
0.85) which returns the maximum number of
exceedances for a sample size, at a 10%
exceedance rate with an 85% confidence level.




R UsIng iable 3

— Sfexceedances, attaining If 14 or more samples.

125 samples, attaining if only 4 or fewer exceed.
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rr_@ 1l comblnes Table 2 and 3

A UISE’ cani be assessed as Impaired, attaining, or
. = --mconcluswe

== [nconclusive if insufficient samples to determine if

Impaired or attaining.
Table 5 — combines table 2 and 3

Example: If 20 samples
5 or more exceed = impaired
3 or fewer exceed = attaining
4 exceed = inconclusive
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Taole 5 — Ballsilie) aitar listacl 25 e delieel

rme MDL Statute reguires that the criteria for removing
AWVaLerfilom the 303(d) List (delisting) cannot be more
Jrf gent thian the listing criteria.

e

i}
..q
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=t

_L; i the past ADEQ delisted If sufficient samples to assess
— — as “attaining.”
= — IFenough samples to show that it did not need to be on the

- Planning List (IWIR)

— However, according to the FSU report, delisting an impaired
water requires a reverse hypothesis to listing a water, and a
much larger number of samples.
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Te0le 5 —

- ersmg the hypothesis, but using the same criteria:

HIGNISE, assumes that the water is attaining and listing requires
the mRImum number of samples to show it is impaired:

- ' == ':- =81 05% confidence level, >10% samples are exceeding standards.
= ""_“"""'*'E'“ = Tordelist, assumes that the water Is impaired and delisting

-ll—"__.--"'

=== reguires the minimum number of samples to show it is attaining:
¢ 9506 confidence level, < or = 10%
® This would require a minimum of 27 samples with O exceedance.

® |f 0 exceed in 10 samples, using the reverse hypothesis,
the confidence level drops to 65% -- this Iis not
statistically valid!
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> ApEcweuld siggoiealisige) oeisechon el
EtEA0f ol llable 5 WhEre:

.

_—,’EDocumented actions have been taken in the watershed (e.g.,
I Seurce removall action, best management practice

&= implementation),
== At least 10 samples during the critical conditions, as defined in
the TMDL, and

Attaining uses based on Table 3 (attaining before listing).
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Use 2 L0 dnisteeick af 20 sz ols aplaligglti fo el

Vigimun sample size'is 10 unless sufficient samples
XU seed standards
_.Mlnlmum off 3 sampling events with exceedances.

confidence level from 90% to 95% In the

: ihomial 10 determine an impaired use.

Ralse confidence level from 80% to 85% In the
“pinemial to determine attaining use.

Delisting based on same criteria but reverse
nypothesis:
Minimum of 27 samples with O exceedances

Or can apply attaining binomial to support delisting if
documented improvements in the watershed.







